In the previous paper (1) the effects of the adrenolytics on the transmembrane poten tial of the extirpated rabbit's heart were reported. The adrenolytics exerted depressive effects on the action potential, i.e. decrease in the rate, prolongation of the de-and re -polarization phases and depression of the amplitude with subsequent complete abolition of the atrial non-pacemaker potential. The resting potential was slightly decreased. However, the pacemaker potential, though it was slightly or moderately depressed, con tinued to fire rhythmically. In this condition addition of adrenaline or noradrenaline in the concentration which exerted a positive inotropic effect on the intact heart re started the potential rhythm. However, the recovery of the transmembrane potential was transient and incomplete even by addition of higher concentration of either amine.
Physiological role of noradrenaline in the heart (2-5) on the spontaneous automati city of the atrium has not been hitherto fully elucidated. Though the effects of the adrenolytics on the transmembrane potential of the heart may relate with the adrenergic mechanism, Matsuo et al. (6) have shown the increase of noradrenaline in the rabbit's heart in response to the intravenous injection of dibenamine (10 mg/kg) but not to the same procedure of yohimbine (5 mg/kg) or chlorpromazine (5 mg/kg).
The biphasic responses of the heart to acetylcholine have been observed by several authors (7) (8) (9) (10) (11) (12) (13) (14) . The restarting effect of acetylcholine on the atrial preparation in which rhythmical contraction had been abolished by quinidine, eserine and paludrine (12, 13) and by the lowering of environmental temperature (14) has been reported.
The present investigation has been attempted to elucidate the mechanism of the standstill of the atrial transmembrane potential induced by the adrenolytics by study ing the restarting and recovering effects of adrenaline, noradrenaline and acetylcholine in the isolated atrium of rabbit which had been pretreated with reserpine. It has been also expected to explain the mode of action of the endogenous catecholamine and acetylcholine on the atrial non-pacemaker potential. Th f; Methods and procedures employed in the present experiments were almost the same as those described in the previous paper (1) . About thirty reserpinized rabbits were used in the experiments. The animals received 0.5 mg/kg of reserpine intraperi toneally at 48 and 24 hours before the extirpation of heart, of which doses were enough to deprive the heart catecholamine almost completely (15, 16) . The recordings of the transmembrane potential were made at least one hour after the fixation of the prepara tion on the cork plate in the modified Tyrode solution, maintained at 30°C and saturated with 95% 02 and 5% CO2. The effects of the adrenolytics on the atrial non-pacemaker potentials of the reserpinized rabbits were divided into four stages according to the previous results, described as R-stage I, II, III and IV.
RESULTS

I. Effects of Reserpinization
The rate and configuration of the atrial transmembrane potentials of the reCerpi nized rabbits differed considerably from those of the normal animal.
As shown in Table 1 , the reserpinized heart exhibited a significant bradycardia. Though no notable difference of the amplitude, the depolarization time of the action potential and the resting potential was observed, the 90% repolarization time and the total duration at this level of the action potential of the reserpinized atrium were significantly prolonged.
The prolongation of the repolarization time consisted of those of the phase 1, the early phase of the repolarization, and of the phase 3, the terminal phase ( Fig. 3-A, Fig. 4 -A and Fig. 5-A) . The reserpinized atrium in which the action potential had been abolished by the application of chlorpromazine was not restarted by the repetitive washing of the pre paration, but was restarted by the addition of adrenaline or noradrenaline. Then, the configuration of the transmembrane potential was recovered to the level of the poten tial in the R-stage I. The recovery took place most early in duration of the repolariza tion phase and latest in that of the depolarization phase ( Fig. 3-F) . However, the re covery effect of either amine was usually transient and the reabolition of the action potential occurred unless the addition of either amine was repeated.
IV. Effects of Yohimbine on the Reserpinized Atrium (Fig. 4-B and -C) . The R-stage III was obtained about thirty to fifty minutes after the application and last ed for twenty to thirty minutes. There after, the shortening of the de and re polarization times which might had been brought about by the extreme depression of the amplitude was observed, and the action potential disappeared totally about eighty minutes after the application of yohimbine (R-stage IV in Fig. 4-D) . The resting poten tial was decreased slightly in the R-stage III and IV (Fig. 4-C and -D) . 
V. Restarting and Recovering Effects of Acetylcholine
The addition of 10' to 10-6 of acetylcholine to the untreated atrium in which non pacemaker potentials were abolished by the application of dibenamine, chlorpromazine or yohimbine restarted the action potential. The restarting effect of acetylcholine differed from that of adrenaline or noradrenaline in the following points : 1) The addition of acetylcholine at the optimal concentration and the repetition of washing the prepara tion recovered the configuration of the depressed transmembrane potential almost com pletely, i.e. to the level before the application of adrenolytics.
2) However, the recover ing effect of acetylcholine on the rate of the potential was incomplete.
3) The recover ing effect of acetylcholine on the configuration of the transmembrane potential was longer-lasting (17) . These effects of acetylcholine were observed not only in the un treated atrium but also in the reserpinized one. Fig. 4 shows the depressing effect of 10-5 of yohimbine and the reactivation of the action potential after the addition of acetylcholine in the reserpinized atrium. The action potential was restarted about one to three minutes after the addition of 10-6 of acetylcholine ( Fig. 4-E) . The effective concentration of acetylcholine was in the range from 10' to 10-6 in the reserpinized atrium as well as in the untreated one. The re started action potentials in response to higher concentration of acetylcholine above 10-5
were usually few in number and therefore less lasting. The reserpinized atria which had not responded to the single addition of acetylcholine could be restarted by the repetitive washing and the addition of acetylcholine in all cases. Within three to five minutes after the addition of acetylcholine, the decreased resting potential, the depressed amplitude of the action potential and the declined slope of the depolarization phase increased gradually and progressively (Fig. 4-G) . Thereafter, this effect of acetylcholine was long-lasting ( Fig. 4-H) . However, in the reserpinized atrium, the prolonged re polarization phase, especially phase 3 was not fully recovered to the level of that before the addition of the adrenolytics even by the repetitive washing and addition of acetyl choline (Fig. 4-G and -H) . The action potential of the atrium which had been abolished by 5 x 10-5 of dibenamine was restarted one and half minutes after the first addition of 10-6 of acetylcholine ( Fig. 5-E) and the peak effect was observed three and half minutes, thereafter ( Fig. 5-F) .
The nutrient solution containing dibenamine was washed out and 10-6 of acetylcholine was added twice between Fig. 5 -F and -G. Fig. 5 -G shows the potential three minutes after the third addition of 10-6 of acetylcholine. The resting potential, the amplitude and depolarization time of the action potential recovered completely to the initial level, while the prolonged repolarization time, especially the phase 3 was not by these pro cedures. This stage continued for forty-five minutes after the third addition of acetyl chline ( Fig. 5-H) . The action potential recorded thirteen minutes after the fourth ad dition of 10-6 of acetylcholine did not show the recovery of the repolarization phase, especially phase 3 ( Fig. 5-I ). The addition of 10-5 of acetylcholine shortened markedly the repolarization time (Fig. 5-J) , but the effect was transient (Fig. 5-K) . The action potential observed five minutes after the combined addition of 10-6 of acetylcholine and l0' of noradrenaline (Fig. 5-L) shows the pronounced shortening of the phase 3 in the repolarization phase followed with the slight hyperpolarization of ~ phase 4. This ten dency of hyperpolarization became more apparent by the further addition of 10-6 of noradrenaline (Fig. 5-M, -N, and -0) , and the repolarization time was also shortened, as shown in Fig. 5 -P. The next combined addition of 10-6 of acetylcholine and nor adrenaline produced a full recovery of the resting potential, the amplitude and the de and repolarization times of the action potential in the reserpinized atrium to the initial level. The effects of adrenolytics on the configuration of the spontaneous atrial trans membrane potential were studied comparatively in the untreated and reserpinized atria.
As has been shown in the previous report, the most pronounced effect of the adreno lytics on the normal atrium was the prolongation of the depolarization time which resulted in the increase of the total duration, and the appearance of the notch in the depolarization phase (1). On the other hand, the application of the adrenolytics to the reserpinized atrium produced a less prolongation of the depolarization time and a less frequent appearance of the notch. However, the increase of the total duration, which mainly derived from the prolongation of the phase 3 of repolarization, was observed. The prolongation of the phase 3 developed usually associated with the decrease of the rate, but it was also observed even in the stage of initial increase of the rate in response and Zaimis (18) showed that the reserpinization of cat decreased the sensitivity of the heart to the exogenous catecholamine.
No linear correlation between the content of atrial noradrenaline and the sensitivity of the atria to exogenous noradrenaline in guinea pig was shown by Crout et al. (16) . The hypersensitivity of the pressor response of the reserpinized cat to catecholamine was demonstrated by Burn et al. (20) . The more ef fective reversibility of adrenaline or noradrenaline against the depressing effects of the adrenolytics on rate and configuration of the transmembrane potential in reserpinized atria coincides with the hypersensitivity of the reserpinized structure to either amine. The recovery of the depressed potential in the reserpinized atria by adrenaline or nor adrenaline was usually transient and the restarted action potential disappeared again at the variable time-length as well as in the untreated ones. The addition of l0' to 10-6 of acetylcholine restarted the untreated (17) and the reserpinized atria in which the spontaneous action potentials had been abolished by the adrenolytics. The addition of acetylcholine produced a full recovery of the resting potential, the amplitude and depolarization time of the action potential to the initial level. However, the prolonged repolarization time of the reserpinized atrium and the rate of the potential were not recovered to the normal level . Further, the recovering effect of acetylcholine was longer-lasting with the exception of the repolarization phase . The prolongation of the repolarization phase which had been effective to acetylcholine alone was restored effectively to the normal level by the combined addition of acetyl choline and noradrenaline. The addition of noradrenaline to the reserpinized atrium which had been recovered by acetylcholine as described above induced sometimes a sign of the hyperpolarization in the phase preceded with the repolarization one . It has been postulated that the heart responds to acetylcholine biphasically (7-14) . The stimulating effect of acetylcholine has been believe to derive from the direct effect on the ganglion cell or chromaffin cell within the heart (7 , 8) or from the release of adrenaline-like substance from the structure (9-11). The restarting and recovering effects of acetylcholine against the depressive action of the adrenolytics on rate and configuration of the atrial transmembrane potential in reserpinized rabbit show clearly the cholinergic mechanism of acetylcholine itself . The important role of the synthesis and liberation of the endogenous acetylcholine in the heart for initiation and maintenance of the spontaneous beat has been shown by Burn et al . (12, 13, 21, 22) . They hypothe sized that the critical level of the endogenous acetylcholine in the heart was a deter mining factor for the initiation of the contractile stimulus and the addition of acetyl choline exhibited an inhibitory or excitatory effect according to the rate of synthesis of the endogenous acetylcholine. The restarting effect of acetylcholine on the reserpi nized atrium of which the action potential had been abolished by the adrenolytics might have been elucidated in association with the increase of the resting potential by acetyl choline or vagal stimulation, as reported by Burgen and Terroux (23) , Hutter and Trautwein (24) , and Hoffman and Suckling (25) .
From the results described above, it is assumed that the exogenous and probably endogenous acetylcholine regulates and maintains the depolarization phase of the atrial action potential, while adrenaline or noradrenaline does the repolarization phase . The less prolongation of the depolarization time produced by the adrenolytics in the reser pinized atrium than in the normal one is assumed to derive from the change of the rate of the content of the endogenous noradrenaline to acetylcholine, i.e. the overwhelming majority of the endogenous acetylcholine, by which the effect of the adrenolytics on the depolarization time is opposed. The results presented by Malhotra et al . (26) that the intravenous injection of 0.5 mg/kg of reserpine in dogs increased the extractable acetylcholine by 75.3% in the S-A node, 48.3% in the right atrium and 44 .4% in the right ventricle support this assumption. In the unpublished experiment the author confirmed that the untreated rabbit's atrium in which the action potentials had been abolished by the application of a moderately high concentration of DO was not re started by adrenaline or noradrenaline, but restarted by the addition of acetylcholine or the repetitive washing. However, the prolongation of the repolarization time pro duced by DCI was not recovered to the initial level even by these procedures. The results also support this assumption.
The relation between the effects of adrenolytics and acetylcholine on the atrial potentials" will be discussed in details in the succeeding report.
SUMMARY
Effects of 5 x l0-' of dibenamine, 10-' of chlorpromazine and yohimbine were studied on the non-pacemaker potentials of the isolated atria of the rabbit pretreated with reserpine. Competitive effects of adrenaline, noradrenaline and acetylcholine against these adrenolytics were compared between reserpinized and untreated atria.
1. The action potentials in the isolated atrium of the reserpinized rabbit showed the considerable decrease in rate and the prolongation of the 90% repolarization time, especially the phase 3 of the repolarization.
2. The initial rate-increasing effect of dibenamine, and the rate-decreasing effect of dibenamine, chlorpromazine and yohimbine were manifested more markedly in the reserpinized atrium than in the untreated one. The lag time needed for the standstill of the atrium was shortened by the reserpinization. 3. The application of the adrenolytics produced less prolongation of the depola rization time and less frequent appearance of the notch on the depolarization phase in the reserpinized atrium than in the untreated one. More marked prolongation of re polarization phase, especially the phase 3, was observed in the reserpinized preparation.
4. The reserpinized atrium in which the spontaneous action potentials had been abolished by the adrenolytics failed to restarted by washing-out, but was easily restarted by adrenaline or noradrenaline as well as the untreated one. However, the repetitions of the addition either amine and washing-out recovered the depressed transmembrane potential more effectively in the reserpinized atrium than in the untreated one. Espe cially, the prolonged repolarization time of the reserpinized atrium was fully recovered to the normal level. However, the recovery by adrenaline or noradrenaline was also incomplete and transient in the reserpinized atria. The action potentials in the reser pinized atria disappeared again at the variable time-length after the addition as well as in the untreated one.
5. The addition of acetylcholine restarted the action potential which had been abolished by the adreno]ytics in the reserpinized atria. The decreased resting potential, the depressed amplitude and prolonged depolarization time of the action potential were completely recovered to initial level, but the prolonged repolarization time and decreased rate of the action potential failed to recover. The recovering effect of acetylcholine was longer lasting than that of adrenaline or noradrenaline.
6. The prolongation of the repolarization phase was effectively restored to the normal level by the combined addition of acetylcholine and noradrenaline. Occasionally, the addition of noradrenaline produced a hyperpolarization at the phase following the repolar,ization.
7. From the results described above, it is assumed as a possibility that acetylcholine regulates and maintains the depolarization phase of the action potential in the rabbit's atrium, while noradrenaline does the repolarization one.
